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Experimental Details
General considerations: All experiments were carried out under argon or nitrogen using standard Schlenk techniques , PL-HE-2GB Innovative Technology, and MBraun Unilab GloveBox. Hexane, diethylether, THF, and toluene were dried by PS-MD-5 Innovative Technology solvent purification system. Benzene was refluxed over sodium/benzophenone, then distilled and stored under argon or nitrogen. Compounds 1 [S1] and NHC Me 4 , [S2] and NHC iPr 2 Me 2 [S3] were prepared according to the reported literature procedures. AuCl·SMe 2 was purchased from Sigma Aldrich or TCI Chemicals and used as received. C 6 D 6 , THF-d 8 and toluene-d 8 were dried and distilled over potassium under argon or nitrogen.
NMR spectra were recorded with a Bruker NanoBay 300 MHz NMR spectrometer. 1 H and 13 C{ 1 H} NMR spectra were referenced to the peaks of residual protons of the deuterated solvent ( 1 H) or the deuterated solvent itself 13 C{ 1 H}. 31 P{ 1 H} and 31 P spectra were referenced to the peaks of H 3 PO 4 . UV/vis spectra were acquired using a Jasco V-670 spectrometer using quartz cells with a path length of 0.1 cm.
IR spectra were recorded Bruker-Alpha spectrometer. Elemental analysis was performed on a Leco CHN-900 analyzer. Melting points were determined in closed NMR tubes under argon atmosphere and are reported without correction.
Synthesis of 2:
5 mL of dry THF are added to a Schlenk flask containing 0.136 g (0.197 mmol) of 1 and 0.025 g (0.201 mmol) of NHC Me 4 . The reaction mixture is stirred for 10 minutes at −78 °C. The resulting red solution is then added into a THF solution of AuCl·SMe 2 (0.060 g, 0.201 mmol in 10 mL of THF) at −78 °C. The reaction mixture is slowly warmed to room temperature within an hour and allowed to stir for another 30 minutes during which time the red color of the solution slowly S3 changes to light yellow. Subsequently, all volatiles are removed in vacuum and the resulting residue is extracted with 10 mL of toluene. Light yellow crystals of 2 are obtained after keeping the toluene extract overnight at −20 °C . After collecting the first crop of crystals, the mother liquor is concentrated to about 5 mL and kept at −20 C for another 2 days yielding a second crop of crystals. Total isolated yield = 0.102 g (50 %). M.P.: 120 C (dec. CH 3 -Mes), 23.6 (1C, CH 3 -Mes) 33.2 (1C, CH 3 -Mes), 33.4(1C, N-CH 3 ), 37.2 (1C, N-CH 3 ), 126.2 (1C, Ar-CH), 126.3 (1C, A-CH), 126.4 (1C, Ar-CH), 126.98 (2C, Ar-C quat ), 127.8 (1C, Ar-CH), 128.3 (1C, Ar-CH), 128.6 (1C, ArCH), 129.1 (1C, Ar-CH), 129.4 (1C, Ar-CH), 129.7 (2C, Ar-C quat ), 129.8 (1C, Ar-CH), 129.9 (1C, Ar-CH), 130.34 (1C, Ar-CH), 130.5 (1C, Ar-CH), 132.3 (1C, Ar-CH), 132.75 (1C, Ar-CH), 136.1 (1C, Ar-C quat ), 136.5 (2C, Ar-C quat ), 136.7 (1C, Ar-C quat ) 137.0 (1C, Ar-CH). 137.2 (1C, Ar-C quat ), 137.6 (1C, Ar-C quat ), 137.8 (1C, Ar-C quat ), 138.8(dd, 1 J (C, P) = 68 Hz. 2 J (C, P) = 5 Hz. 1C, Ar-C quat ), 138.6 (1C, Ar-C quat ), 138.9 (1C, Ar-C quat ), 140.2 (1C, Ar-C quat ), 140.3 (1C, Ar-C quat ), 142.8 (2C, Ar-C quat ), 143.9 (dd, 1 J (C, P) = 49 Hz. 2 J (C, P) = 8 1C, Ar-C quat ), 144.9 (1C, Ar-C quat ), 145.1 (1C, Ar-C quat ), 148.5 (1C, Ar-C quat ), 149.5 (1C, Ar-C quat ), 154.7 (dd, 1 J (C, P) = 99 Hz. Analysis (%) calcd. for C 55 H 62 AuClN 2 P 2 : C 63.19, H 6.07, N 2.68; found: C 63.28, H 6.23, N 2.44. (4973) nm (Lmol −1 cm −1 ), two solider at 350 nm, 300 nm. Elemental Analysis (%) calcd for C 55 H 63 AuN 2 P 2 : C 65.27, H 6.37, N 2.77; found: C 65.12, H 6.21, N 2.48.
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Synthesis of 4:
A closed cap NMR tube containing 0.030g (0.03 mmol) of 3 in 1 mL of toluene and 2 drops of C 6 D 6 is heated in 70 C oil bath for 1 hr. 31 P NMR measurement shows full conversion of 3 and formation of compound 4 (94 %) along with free diphosphene 1 (6 %). The reaction mixture is transferred into a Schlenk flask, evaporated to dryness and extracted with warm n-hexane (7 ml of n-hexane  2) to obtain compound 4 as white crystals. Total isolated yield: 0.020 g (66%). Elemental Analysis (%) calcd for C 55 H 63 AuN 2 P 2 : C 65.27, H 6.37, N 2.77; found: C 63. 03, H 6.15, N 2.58 (deviations in the values of CHN analysis are likely due to the sensitivity of the compound).
Synthesis of 5:
The Ar gas of a Schlenk flask with a toluene solution of 3 (0.050g, 0.05 mmol, in 10 mL of toluene) is exchanged for CO 2 using standard Schlenk line technique and stirred for 30 mins. The 31 P NMR spectrum of an aliquot from the reaction mixture with 2 drops of C 6 D 6 shows complete conversion of 3 into 5. The reaction mixture is evaporated to dryness (2.310 -1 torr pressure for 2 hrs.) to obtain compounds 5 and 3 in an approximate 95:5 ratio (total amount of isolated compounds = 0.050 g). Overnight exposure to vacuum (2.310 -1 torr) gives a mixture of 5 and 3 in an approximate 1:1 ratio. The NMR data was recorded on a freshly prepared sample of 5 with about 5 % of 3. 1 
Reaction of 5 with NHC iPr 2 Me 2 at variable temperatures:
S8
In a NMR tube, 0.012 g (0.01mmol) of compound 5 (with about 5% of 3) and 0.002 g of NHC iPr 2 Me 2 (0.01mmol, a 200 µL aliquot of a solution prepared from 0.5 ml toluene-d 8 and 5 mg NHC iPr 2 Me 2 ) were mixed at −78 °C. The sample was transferred to the spectrometer and monitored by variable 
Reaction of 5 with NHC iPr 2 Me 2 :
At −78 °C, 5 mL of THF is added to a Schlenk flask with 0.030 g (0.028 mmol) of 5 (having around 5% of 3) and 0.005 g of NHC iPr 2 Me 2 . The mixture is allowed to warm to room temperature slowly and subsequently all volatiles are removed under vacuum. The 1 H and 31 P{ 1 H} NMR measurement of the crude reaction mixture shows the formation of 3 and 6. S3 1 H NMR (300 MHz, THF-d 8 , 298 K) for 6 from the crude reaction mixture, δ = 1.54 (br-d, 12H, CH(CH 3 ) 2 ), 2.24 (s, 6H, CH 3 -C=C-CH 3 ), 4.83 (br-sept, 2H, CH(CH 3 ) 2 ) ppm. S3 
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Synthesis of 6:
In a NMR tube, 0.006 g (0.033 mmol) of NHC iPr 2 Me 2 were dissolved in 0.5 mL THF-d 8. The Ar gas in NMR tube was exchange with CO 2 and a white precipitate of 6 was formed immediately. Hz, 2H, CH(CH 3 ) 2 ) ppm. S3
Reaction of 3 with HCO 2 H:
In a NMR tube, 0.016 g (0.0158 mmol) of compound 3 and 0.75 mg of HCO 2 H (0.016 mmol, 5.5 µL solution from stock solution of containing 1mL C 6 D 6 and 100 µL HCO 2 H) were mixed at room temperature. Immediately, evolution of gas bubbles was observed and the subsequent measurement of 1 H and 31 P NMR showed the quantitative transformation of 3 into 5. S10 NMR Spectra Figure S1 . 1 H NMR spectrum of 2 in C 6 D 6 at RT. Figure S2 . 31 P{ 1 H} NMR spectrum of 2 in C 6 D 6 at RT. S11 Figure S3 . 1 H NMR spectrum of 2 in THF-d 8 at RT. 
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Crystallographic Details
Single crystal X-ray data of 2·toluene, 3·benzene, 4·n-hexane, and 5·toluene were collected at 120 K using a Rigaku XtaLAB AFC12 (RINC): Kappa single diffractometer with graphite-monochromated Mo Kα radiation, λ = 0.71073 Å. The unit cell parameters and the data reduction was obtained with the CrysAlisPro software from Rigaku Oxford Diffraction. [S4] A multi-scan absorption correction was applied to the collected reflections during data processing with SCALE3 ABSPACK also integrated in the CrysAlisPro software. [S5] The structure was solved by SHELXT [S5] structure solution program using Intrinsic phasing and refined by full matrix least-squares method based on F 2 using SHELXL [S6] refinement programme in the Olex-2 software. [S7] All non-hydrogen-atoms were refined with anisotropic displacement parameters. Hydrogens were placed in geometrically calculated positions or found in the Fourier difference map and include in the refinement process using riding model. The program Diamond (version 3.2k) is used for creating the crystallographic figures. [S8] S28 
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Computational Details
All electronic structure calculations in this article are performed using Gaussian16 package. [S9] All molecular geometries are optimized using B3LYP [S10-S12] exchange-correlation functional. To account for the non-covalent interactions, Grimme's D3 dispersion model is employed. [S13] We have used 6-31G(d) basis set for the lighter atoms (C, H, N, O, P, Cl) and LANL2DZ basis set along with the corresponding effective core potential for Au and Ni. This basis set combination is hereafter denoted as BS1. A harmonic vibrational frequency analysis is performed on each optimized structure to characterize the nature of the stationary points as local minima. To further refine the electronic energies, single point calculations are carried out using M062X-D3 exchange-correlation functional along with 6-31+G(d,p) basis set for lighter atoms (H, C, N, O, P) and SDD basis set paired with the corresponding pseudopotential for Au. [S13-S15] This basis set combination is hereafter denoted as BS2. Solvent (toluene) effects are taken into account using SMD solvation model by Truhlar and Cramer. [S16] All thermochemical data are estimated within ideal gas-rigid rotor-simple harmonic oscillator approximations at 298.15 K and 1 atm pressure. All free energy values include electronic energies at the M062X-D3/BS2//B3LYP-D3/BS1 level of theory.
Computational Results
Our computational results are summarized in the following points,
The donor strength of 1·NHC Me 4 has been estimated by calculating its Tolman electronic parameter (TEP), which is determined from the carbonyl stretching (A1) mode of corresponding Ni(CO) 3 complex.
The calculated TEP values for 1·NHC Me 4 is computed to be lower than Ph 3 P (2127.4 vs. 2150.6 cm -1 ), suggesting that the former is a stronger donor compared to the latter one.
In order to compare the stabilities of 1.NHC Me 4 and 2 , we have calculated the dissociation free energy (Table S5 ) of NHC Me 4 from both the complexes 1·NHC Me 4 and 2 in THF at 298.15 K . Our results suggest that dissociation of the NHC Me 4 from 2 is thermodynamically less favored compared to that from 1, which is agreement with the experimental observation S33 We have computed the binding energies (BEs) of various phosphine, diphosphene and NHC-coordinated diphosphenes with AuCl for comparison purposes. The binding energies are calculated at the M062X-D3/BS2//B3LYP-D3/BS1 level. Table S6 . Calculation of binding energies. 
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